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Cellular responses to counter virus infection lead to the induction of cytoplasmic stress granules,
which are composed of translationally stalled mRNAs. In this issue of Cell Host & Microbe, White
and colleagues elucidate a mechanism where a poliovirus protease specifically cleaves a host cell
factor involved in assembly of stress granules. This strategy ensures viral access to the limiting
amounts of translation factors and interferes with host cell mRNA sorting.Viruses interfere with host cell metab-
olism in many ways. For example, host
DNA replication and RNA synthesis
machineries are often altered or sub-
verted to aid in viral genome amplifi-
cation (Flint et al., 2004). While most
viruses encode the enzymes that are
needed to transcribe and replicate
the viral genomes, viruses do not en-
code ribosomal proteins. Thus, trans-
lation of viral proteins is absolutely
dependent on the availability of a func-
tional host protein synthesis machin-
ery (Flint et al., 2004). As an antiviral
response, sophisticated host cell sen-
sors can detect the appearance of vi-
ral double-stranded RNA, which leads
to the phosphorylation of a critical
translation initiation factor, eIF2a, by
stress-activated protein kinases. Ac-
cumulation of phosphorylated eIF2a
leads to stalled translation initiation
complexes and a concomitant de-
crease in translation of both viral and
cellular mRNAs (reviewed in Holcik
and Sonenberg, 2005). Very often,
this scenario leads to apoptosis and
viral clearance by the host immune
system.
Viral infections can elicit host re-
sponses that are normally used as pro-
tective measures during stress situa-
tions such as oxidative stress, heat
shock, osmotic shock, or changes in
growth factor concentrations. For
example, induction of phosphorylation
of eIF2a by environmental stress has
been shown to cause the formation of
cytoplasmic stress granules (SGs)
(reviewed in Anderson and Kedersha,
2006), which contain the T cell intracel-
lular antigen-1 (TIA-1), TIA-1-related
protein (TIAR), Ras-Gap-SH3 domain-
binding protein (G3BP), a variety of284 Cell Host & Microbe 2, November 200translation initiation factors, and a few
RNA binding proteins (Figure 1) (re-
viewed in Anderson and Kedersha,
2006).Stalled translation initiationcom-
plexes have been shown to reside in
SGs, making them mRNA and 40S
ribosomal subunit enriched subcellular
structures (Figure 1). Overall, SGs are
believed to serve as sites of storage
or of triage for mRNAs and mRNA-
protein complexes. SG mRNAs may
eventually be translated again or be
destined for degradation in adjacent
processing bodies (reviewed in Ander-
son and Kedersha, 2006).
Recent studies have focused on the
role and the fate of SGs during viral
infections. The first hint that viruses
may modulate SG function came
from the Brinton laboratory, which dis-
covered that TIA-1 and TIAR proteins
interact with the 30 terminal stem-loop
located in the negative-strand of West
Nile virus (WNV), a member of the
Flaviviridae (Li et al., 2002) (Figure 1).
The importance of the TIAR-WNV RNA
complex in viral replication was dem-
onstrated in infected TIAR/ cells,
where WNV replication was severely
reduced (Li et al., 2002). The more
recent findings that WNV and related
Dengue virus interfere with SG forma-
tion in infected cells have suggested
that flaviviruses subvert TIAR and
TIA-1 to aid in viral gene amplification
and to prevent inhibition of transla-
tion of both viral and cellular mRNAs
(Emara and Brinton, 2007).
Other RNA viruses inhibit host cell
translation in infected cells, mostly by
induction of eIF2a phosphorylation
(see above). A role for SGs in transla-
tion inhibition during viral infection
was reported by McInerney et al., who7 ª2007 Elsevier Inc.observed that Semliki Forest virus in-
fection led to the transient formation
of SGs, which seemed to be dispersed
around sites of viral RNA replication
later in infection, suggesting interfer-
ence of the virus with SG formation
(McInerney et al., 2005). Similarly,
Smith et al. discovered that Reovirus
infection induces SG formation in a
strain-specific manner, dependent on
the extent of eIF2a phosphorylation
(Smith et al., 2006). However, a mecha-
nism for the induction of SGs by these
two viruses is as of yet unknown.
In this issue of Cell Host & Microbe,
White and colleagues reveal a mecha-
nism by which an RNA virus can inter-
fere with SG formation. The authors
report that infection with poliovirus,
a member of thePicornaviridae, causes
the accumulation of SGs early during
infection (White et al., 2007), a finding
that was also noted by Mazroui and co-
workers (Mazroui et al., 2006). How-
ever, White and colleagues observed
that the number of SGs diminished later
in infection when viral RNA was trans-
lated and replicated. The authors went
on to show that infected cells lose the
ability to form SGs because arsenite-
induced formation of SGs could be
observed early, but not late during
infection. These observations led to
a quest for the cause of the blockage
of SG assembly.
It has been known that poliovirus
interferes with host functions by proteo-
lytic cleavage of key regulators of mac-
romolecular machineries. For exam-
ple, viral proteinases 2A and 3C cleave
factors that are important in transcrip-
tion and cap-dependent translation of
host mRNAs (reviewed in Lloyd, 2006).
Consequently, the authors inspected
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rities of factors that are involved in SG
assembly. It was found that G3BP
was specifically targeted by viral pro-
teinase 3C. Ectopic expression of a
cleavage-resistant version of G3BP
resulted in the accumulation of visible
SGs throughout the infectious cycle
and a decrease in virus yield, arguing
that inhibition of SG formation by cleav-
age of G3BP modulates the efficiency
of viral replication. While it is clear that
cleavage of G3BP affects SG assem-
bly, it can not yet be ruled out that
intact G3BP affects viral yield by a
mechanism that is unrelated to its
role in SGs. For example, G3BP is an
RNA-binding protein with associatedendoribonuclease activity, and it could
be conceivable that G3BP directly
targets viral RNA. On the other hand,
it will be an exciting task to find out
how poliovirus triggers the assembly
of SGs seen early after infection. As
pointed out by White et al., the block-
age of SG assembly later in infection
may prevent the sequestration of trans-
lation factors or even prevent the shut-
tling of viral RNA into SGs.
It will be interesting to know the
prevalence by which viruses modulate
SGs. Do only RNA viruses that reside
in the cytoplasm interfere with SG
function? In this respect, it is curious
that cytoplasmic poxviruses transcribe
and translate their genomes in cyto-Cell Host & Microbe 2, Nplasmic foci, so-called DNA factories,
that contain G3BP and certain transla-
tion initiation factors (Katsafanas and
Moss, 2007). While there is no experi-
mental evidence that these foci con-
tain other SG marker proteins, they
may share certain functions.
It is an exciting time to study avoid-
ance and subversion of subcellular
structures by viruses. These lines of
investigation will move the battle be-
tween microbes and hosts to a more
macroscopic level. Finally, it is tempting
to speculate that SGs provide yet an-
other arm of the innate immune system.
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this issue, 295–305.Figure 1. Avoidance of Stress Granule Assembly by Viruses
Stress-induced accumulation of stalled translation initiation complexes and assembly of a stress
granule (SG) is shown. Ribosomal subunits are shown as light blue circles. The trimeric cap-bind-
ing protein complex is displayed with a green circle, oval, and square box. Three SG marker
proteins are shown: T cell intracellular antigen-1 (TIA-1), TIA-1-related protein (TIAR), and Ras-
Gap-SH3 domain- binding protein (G3BP). Other SG markers, such as specific translation initiation
factors and RNA-binding proteins, are not shown to avoid complexity. For a comprehensive list of
SG marker proteins, see Anderson and Kedersha (2006). Points of interference with SG assembly
by West Nile virus (WNV), Dengue virus (DV), and poliovirus proteinase 3C (Polio 3C) are depicted.
The figure is adapted and modified from Anderson and Kedersha (2006).ovember 2007 ª2007 Elsevier Inc. 285
